Poorly differentiated thyroid carcinoma (PDTC) is a rare aggressive malignancy of thyroid follicular cells and has unique features in morphology and behavior. This study was aimed to describe the experience of a tertiary medical center with PDTC within a 10-year period. Materials and Methods: This is a descriptive retrospective study of eight cases of PDTC among 418 various thyroid carcinomas. All cases of PDTC were retrieved along with the clinicopathological information. Results: Only eight cases (1.9%) of PDTC were diagnosed among 418 thyroid carcinomas. Mean age was 48.12 with 3:5 (male:female) and tumor size ranged 3-12 cm. PDTC were diagnosed coexisting with one or more other pathologies; nodular hyperplasia (four cases), papillary carcinoma (one case), follicular carcinoma (three cases), and Hashimoto thyroiditis (two cases); with ≥60% PDTC component. Six cases associated with high-grade features died within 3 years after diagnosis. Discussion: Mean age in this study was younger including a 20-year-old girl. Younger age was associated with better prognosis. Most of the cases had underlying benign thyroid lesions and differentiated thyroid carcinoma. Most of the PDTC had poor prognosis associated with PDTC component ≥60%, tumor necrosis, high mitotic count, lymph node involvement, vascular invasion and distant metastasis; and these cases died within 3 years after diagnosis. Conclusion: Although treatment of PDTC remains surgery followed by radioiodine therapy, correct histopathological diagnosis is important for clinicians and oncologists to predict the prognosis. All thyroid carcinoma should be sampled thoroughly not to miss small foci of PDTC component.
INTRODUCTION
Poorly differentiated thyroid carcinoma (PDTC) is an aggressive malignancy of thyroid follicular cells; which occupies both morphologically and behaviorally an intermediate position between well differentiated (follicular and papillary) carcinoma and undifferentiated (anaplastic) carcinoma. [1] It was first described as "wuchernde Struma" by Langhans in 1907 due to its characteristic nesting pattern. [2] In 1983, Sakamoto et al. first described it as PDTC with solid, trabecular, or scirrhous (sclerotic) growth pattern. [3] In 1984, Carcangiu et al. reinterpreted it as PDTC (insular carcinoma) because of its frequent histologic growth pattern, formation of solid clusters (insulae) of uniform tumor cells, together with the presence of mitotic activity, necrotic foci, and capsular and vascular invasions. [4] In 2004, the World Health Organization (WHO) Classification of Tumours of Endocrine Organs recognized PDTC as a separate entity, defined on the basis of architectural and high-grade features. [1] In 2006, Turin (Italy) consensus conference, attended by an internationally recognized quorum of thyroid pathologists, agreed to a unified series of diagnostic criteria and terminology, and a diagnostic algorithm for PDTC. These criteria consisted of the presence of a solid/trabecular/insular growth pattern, lack of nuclear features of papillary thyroid carcinoma (PTC), and presence of one of the following features: (i) convoluted nuclei, (ii) tumor necrosis, (iii) 3 or more mitoses per 10 high-power field (HPF). [5] follicular thyroid carcinoma (FTC) or PTC, and less frequently with anaplastic carcinoma. Although it is a rare type of thyroid malignancy, diagnosis of PDTC is important for pathologists, clinicians and oncologists as it may need additional therapeutic strategies. Dettmer et al. reported that the presence of even minor amounts of poorly differentiated areas in a thyroid carcinoma (≥10%) has similar prognostic significance as having a major component. [6] This study was aimed to describe the experience of a tertiary medical center with PDTC within a 10-year period. We reported eight cases of PDTC and clinicopathological features of these cases were reviewed and compared with previously published literature.
MATERIALS AND METHODS
We reviewed all cases of thyroid carcinomas diagnosed and archived in Pathology Department of our institution. The clinical, follow-up and previous fine-needle aspiration cytology (FNAC) information were obtained from the medical records of the patients. FNAC smears, hematoxylin and eosin (H and E) stained tissue sections and their immunohistochemical stained slides of all cases were reviewed. The parameter collected were tumor size, associated histopathology, predominant architectural pattern, presence/absence of convoluted nuclei, tumor necrosis, mitotic count, lymph node involvement, vascular invasion, distant metastasis, and outcome of patients were recorded. The estimate proportion of poorly differentiated area was recorded based on the previously published study. [6] Descriptive analysis was done on the data.
RESULTS
There were eight cases (1.9%) of PDTC out of 418 cases of thyroid carcinomas recorded. All cases underwent total thyroidectomy followed by radioactive iodine therapy. The mean age of patients was 48.12 with the age range from 20 to 64 years. Three cases were male and five were female. Most of the cases presented with anterior neck swelling for 1-5 years duration. One case presented with metastatic FTC in gluteal region. No case was diagnosed as PDTC in FNAC smears, and five cases were reported as suspicious for malignancy. Mean tumor size was 6 cm, ranging 3-12 cm in the largest dimension.
Four cases of PDTC showed underlying nodular hyperplasia (NH), two cases showed underlying Hashimoto thyroiditis (HT), and four cases showed foci of well-differentiated thyroid carcinoma (FTC in three cases and PTC in one case). The percentage of foci of PDTC was ≥60% in all cases. Regarding predominant histological pattern; three cases were composed of insular [ Figure 1a ], trabecular [ Figure 1b ] and solid pattern; three cases showed trabecular and insular pattern; one case showed insular pattern only; and one case showed solid pattern only. Convoluted nuclei of tumor cells [ Figure 1c ] were seen in five cases and necrosis were seen in five cases. Tumor cells of all cases exhibited mitoses (3-20/ HPF) and mean mitotic count was 8.5/10 HPF. Tumor cells in all cases were immunohistochemically positive for thyroglobulin and negative for calcitonin and neuroendocrine markers.
Lymph node involvement was seen in six out of eight cases (75%). Five cases had a vascular invasion in histological sections (one of them metastasized to pelvic bone) and lymph node involvement. These six cases died within 3 years after diagnosis. One case showed only lymph node involvement and that case had a recurrence of tumor and died 2 years later. Two cases had no distant metastasis, no vascular invasion, and no lymph node involvement; and these cases survived more than 5 years. Those two cases were of youngest in this study (20-and 36-year-old) . Clinicopathological features of all eight cases were summarized in Table 1 .
DISCUSSION
This study reflected on the clinicopathological correlation of PDTC in our institution. As PDTC is a rare thyroid malignancy, only eight cases (1.9%) of 418 cases of thyroid cancer within 10 years duration in our institution, of which PTC is the most common thyroid malignancy. [7] The proportion of PDTC in our series was lower than seen in Romania [8] and higher than the report from Nigeria. [9] In our series, our patients were younger with the mean age of 48.12 compared to other series, between 55 and 63 years. [10] A case in this study was only 20-year-old girl with underlying NH and HT.
It is generally accepted that PDTC may develop through three pathogenetic pathways: (i) by partial dedifferentiation of PTC, (ii) by partial dedifferentiation of FTC (including oncocytic type) and (iii) de novo, without a preexisting well-differentiated carcinoma precursor. [11] Most of the PDTC develop de novo although some of them arise from preexisting well-differentiated c thyroid carcinoma. [12] In some area of endemic goiter, most of the PDTC had a history of goiter. [11] Based on urinary iodine excretion, the iodine intake of the population in our institutional area was suboptimal, and this was associated with a high prevalence of goiter. [13] Rate of malignant transformation is also high in this area, and the majority of thyroid cancer are seen in the background of NH. [7] This study showed that four cases were associated with well-differentiated carcinoma (three cases of FC and one case of PTC). Four cases and two cases had underlying NH and HT, respectively. The association of HT and thyroid carcinoma was reported mainly with PTC [14, 15] but not with PDTC in literature. Two cases associated with HT were youngest in this study. All the cases in this study showed foci of PDTC were (≥60%) of the whole pathology of thyroid. Small foci of PDTC (≥10%) in a thyroid carcinoma are worthy to diagnose PDTC, and it affects the prognosis significantly. [6] Grossly, most of the PDTC grow as an invasive mass with some partial encapsulation. [11] The mean tumor size in our series is much bigger than reported previously. [16] Encapsulated insular carcinoma in underlying Grave disease was reported in a 51-yearold female with pulmonary metastasis. [17] PDTC was reported as insular carcinoma until the WHO recognized as a separate entity, defined on the basis of architectural and high-grade features in 2004. [1] A uniform diagnostic criterion for PDTC was made by panel of internationally recognized thyroid pathologists in Turin, Italy in 2006. It includes (i) presence of a solid/trabecular/insular pattern of growth, (ii) absence of the conventional nuclear features of PTC, and (iii) presence of at least one of the following features: Convoluted nuclei; mitotic activity ≥3/10 HPF; and tumor necrosis. [5] Moreover, PDTC has the presence of conventional diagnostic criteria for thyroid malignancy and follicular cell derivation of tumor cells such as conspicuous capsular and/or vascular invasion and some degree of thyroglobulin positivity. [18] Insular pattern of growth can be seen in other histological types of thyroid carcinoma. Pascanu et al. reported insular growth pattern in mixed PTC and FTC in an 8-year-old girl. [19] Ifigenia et al. reported mixed papillary, poorly differentiated and anaplastic thyroid carcinoma in a 73-year-old female with multinodular goiter. [20] In our series, the most common histological pattern of PDTC is insular pattern followed by trabecular pattern. However, some authors still prefer on the recognition of high-grade features only, including mitotic index and necrosis, irrespective of the growth pattern. [21] The presence of convoluted nuclei in tumor cells is one of the features in PDTC. It is defined as small round hyperchromatic nuclei with convolutions of the nuclear membrane. When compared with the typical nuclei of PTC, they are slightly smaller and darker, with irregular raisinoid contours. These changes are believed to reflect dedifferentiation of the papillary carcinoma, with loss of many of its characteristic nuclear features but the preservation of the irregularity of nuclear contours. [5] Convoluted Most of the PDTC in this study showed aggressive behavior such as lymph node metastasis and distant metastasis and these features are related to poor prognosis. [1] In our series, six out of eight cases (75%) had lymph node involvement, and evidence of vascular invasion in histological sections was seen in five cases. The patients of all six cases with lymph node involvement, vascular invasion, and distant metastasis died within 3 years after diagnosis. Two cases of youngest in this study including a 20-year-old girl were free of lymph node involvement and distant metastasis at the time of diagnosis and survived more than 5 years. In these two cases, the tumor size was only 3 cm. Therefore, young age group is one of the good prognostic factors in our study.
PDTC is associated with a worse prognosis than welldifferentiated thyroid carcinomas but a significantly better prognosis than anaplastic carcinoma. [22] Prognosis depends primarily on lymph node involvement, distant metastasis, tumor-node-metastasis staging, completeness of surgery, and responsiveness to radioiodine therapy. [1] Differential diagnosis of PDTC include solid variant of PTC, invasive FTC with a predominant solid/trabecular pattern of growth, medullary thyroid carcinoma, compact subtype of small cell undifferentiated thyroid carcinoma and metastatic neoplasms. The absence of typical nuclear features of PTC is used to differentiate between solid variant of PTC and PDTC. Convoluted raisinoid nuclear contour, mitoses and tumor necrosis of PDTC are useful to differentiate it from invasive FTC with a predominant solid/trabecular pattern of growth. Larger nuclear size, "salt and pepper look" nuclear chromatin, calcitonin and carcinoembryonic antigen positivity of medullary carcinoma are used to differentiate it from PDTC. To differentiate from a compact subtype of small cell undifferentiated thyroid carcinoma; the presence of abortive follicles, lack of prominent cellular pleomorphism and thyroglobulin positivity of PDTC are useful features. [17] However, strong diffuse positivity of thyroglobulin is unlikely in PDTC, and it typically highlights the well-differentiated carcinoma component. [11] CONCLUSION Most of the patients in our study presented in an advanced stage with the features correlated with poor prognosis. Young age group is one of the good prognostic factors in our study. All the cases of benign thyroid lesions should be thoroughly examined as most of the cases in this study had underlying NH and differentiated thyroid carcinoma. If the percentage of PDTC is very small, it can be missed, and thorough histopathological sampling is important. Although treatment of PDTC remains surgery followed by radioiodine therapy, correct histopathological diagnosis is important for clinicians and oncologists to predict the prognosis. The diagnosis of PDTC depends mainly on morphologic criteria in H and E sections, and immunohistochemistry is usually not necessary for diagnosis except for the confirmation of follicular cell derivation if needed.
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